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A high speed modem (26) that transmits and receives digital data on an ensemble of carrier frequencies spanning tr 
usable band of a dial-up telephone line (48). The modem includes a system (30, 32, 34, 36, 40, 43, 44) for variably 
allocating data and power among the carriers to compensate for equivalent noise and to maximize the data rate. 
Additionally, systems for eliminating the need for an equalization network, for adaptively allocating control of a 
channel, and for tracking variations in line parameters are disclosed. 
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* . 7-^a^/ ; r^*A/3>><-^5 2tt. TT-QT'ifiJB&'rf* 
0 2 4 A^I^Sl'yV-Xf - L. C TV tt . 

3ffli?iai/ , ;-x/<y 7 7 5 4 i:Eia«n4. txstes 6tt. 1. 

0 2 4 A»«Hi/y-Xf-7*yi/|5 1 2A» (xn. yn) ^7 
h frT — 7* /I/ IC gf & I, . C^tt. Sfg^S'hn/^ — 7"/l"<y77 
58CEffl2h5. :©9ffltt. ^ffli/ 'j-Xi:»^i»T F FT 

£ *v fc* v SO»l:D8-r5W«tt. MMSai/f v'^r-^» 
0»:KlCEflS4vTfeiJ. tfc o "C . £ ^< 7 h /I/ "r — 7* A* 
/<y 7 7 5 fltEiasnfc (x. y) -r - 7 A> t± . =r O 9 n, ^ - 
9 « £ © 6 0 t * 'J £ X) x - * fc'y K5x-'7i/*ice»anac 



^UiaftSivfcV*. (xn. yn) ^*h/l/#4fc*vhO 

i^— <r > 74 t «*>T » Kl . r «!) ^ ^ h JUtf? *J 9 A* 7 s — i» « 
4e60lCt »J4 t" y Kf-'TVACRftShttTSef-i' 
f y h >< y 7 7 6 2lCEtft**vi. S(3t=-3» bfv h - > 7. 

ffifflt4FFTtt(g©S^<f»^U. X 9 75^N. J. CD 
7* U > x 7x ♦ jfc — ;t/ • (Prentice-Hall» Inc. . ) IC J: *J ffi 

hfe 7 t'7-(aabiner)fi:^C7) f r t? 9 <B * & M 0) J* t* & V 
JCffl (Theory and Applications of Dicital Signal Processini) J 
tttt4XlBtH2/<^llTvvi. xEltFFT 

X:;tllUitf4liIE'<7V.ft©«W5)»7A 1 0. 7 > 1 
3 - 7 0&tf7J7A l i. 7-<> l - 3 O 1:55^ bnfci -M:. 
8aj*»K->%E»*»-r&^fc^«l:-,T:s;Mt:fitt7 Cfct,-C 

S ^ . ^<^>&«>«»<0*7A12. 7*<^3S-70. 
*^A13. ^-rvi-70».l/X}^A14. 7-f > 1 - 1 3t 

aW&l/^irJ/a-yv^a;? h6 6tt. — a 05 ft fe ^ 
*W^EaT-2»J:7HI5l»U. A X7 X & 7i « fig « » "T ^ . 

iEtfci7i:. *«tt»fflaMi:x>D-K2nfcT-? 

UiotS^^nS. f n »C «t7 & ««Si&(g y X*x» N 

(fn) tt. « a« f «n » w a as u fc (ssifc) y-rx»7j 



:»N(£)tfflSOT. J&*Xt/«ffl*^A2 6fc2 6' £ 

v ^ 1 K S H T . fcffi^^AttJES^^ACO^-^ft^^-^/i/U. 
JS#*-rAtt#;7- ?v*<OttJBfcfcS. A?v-/2L:fev^T. 
i£ # 7 s A tt . 9cO«»U^^t/-C2-DfO«a&JR05a:rffyiy%iS<3 

r * . 

(a) 1437. 5Hz:-3dBR 

(b) 1687. 5Hi:-3dBR 

* *J tt . ««SffiRKJtUTiia;£L. »*Uv>^fig«-eit. 0 d B 
R = - 9 d Bm-efc»;. mtt$y#^hT?AS. Zl tv b CO h — > 
tt «TT#«U-ttWT*.fc^lC. * -< $ >^2tt/JBJ»J^3r7-fe 

& V* T . J£ # x A tt . ^r6l-C5 12flr)JSaBt«t:-»ti'tf;*3 
Aft — 2 7 d B Rtrx&fflJTS* «fitfAtt. 
ft S 1& U . ^0a-Al:S^tFFTt3?t5t5. 5 1 

2 6 CO ^ » & t; X >r 1/ a ~ 'J > ^ - y K 6 6 tt . S fg U fc 3 - 
KO#«&»lC^br (xn. yn) fi ft jfc £ L, . C *V * <0 fi[ ft % 
»fiili&C#3-K©«2JU^fl/t*t)t (xn, yn) fli CD 5 s - 

-^yvtJttt-T*. £ to Jt tt tcfc »J . VF©sSttft«L-ro2l« 



ftftU062-502932 (q) 

XT-v^30iau» *fi^xA26atf;53?^-?A26' 05 
ffi 2? tt . ^^ro^xAHi^^fg^tJ^fc^^^ia^tc^w^tC 
ffSti^Xf-^ S:R«r4. W CO * x A tt . » 

Wiiifcy^xe^tX-j^tFFT&StTL. * fiB 5£ ofc « & 

4. ^K©;-rxx,-K v f fc?Q{tir, m^m<on Si ft 8 *> * 

^ry^4 tfc'^T. ftltf Att. 2O(D«ik&IS[0Dx>tfy 
i&9SLr*.AV{S*n *0)QLZttXTz. COjgtfi^T. ft £ -fc 

* «fc ^ tc * W u r y tf^^xAtt. «fflj£S:*i£jcoi£ 

^ICMJe-r&igUx-^ftiRttbT^i. r" A tt * « ffi # 

& to & v & & it & <» m y> s v z & (g a * & <s s << x 

BBS U x - * ft £.S£ t r * . c©r-# tt. raW^o 

« i ©tt«^n.> 3 ->'ffl#t*4 LTiseti. «ri»«35i/^<^/ 
•c«;*»ffl*fti:2 tr? h feit^r6#«»tt. ieo- cd*b# 

tt*tettft*rLfc-28dBRf3^fct-C«£3n*. m&njj 



2Bd BRrOVCOttttttttffiCOte^fcbTrJ-Kffc**.*. & 
#^7^Att. COfi^feftfiL, ^JC»*fi^ 

v^6i:fc^T. 15 # A tt . fcftofiBiSit&WfcfclSfctfjfc 

««;»^^At;a;»«ffl^Fgi6DM*tc2 e y f-iseftistf-ra* 

«:7ftt«20ttlBx>3-K<g^t«4l/iSfita. dtOS^ft 

«£-e**cott. ^^^^A^^ffl^s^ft^y ^ x&i/is-^d 

^ * J* b "C 5 . j?atrAi:ir)TR4?hfc<3^U«^t. 

2 ^ CO e" y H ft A tc«^r * tt, 1 8 0 - CO « 

#«*fcf§T;j- Kfti teo^rogc^tt. o* torenfc* 
cm?. 2^o-t5 r Ara»ci2fr«u>i'^^&-ra. 

3 0 O ft l> l 4 O 0 ©fl^lSfiS^^fflipaa 2 ty h 
^StSffU. cnic-kU. 2"D0^fABii:|56OO^yK/ 
JCrff y 5»i»$:a5c-r4. X x v ^ 7 f tt . : CgftT 5 f 'i 

*«a»T<t«rictoT&^t'vho« (o~i5) & « 

AU-Cyi, < O - 6 3 d B ) KHt4f-ffe«S^fAAiai3f 
^ r y 8 i; ^ T . J5 S ^ A tt . SSTif-^ V > y 



Att. &&&m&zf&m&&<offiijGii^tsi.*x&Rx&&f8.&iz& 

^ x U ju & tsa-r 
n . t^u«ctf 6. :h^-ao^f yyttfcjtjsjjfti 

T * «fc i> . « * tt . «fl3-KC«^<FFTORfft^X 
^-^©JKttftlsi^tctT^dcirtf-Cdi. x. mmzf n * 

»tt. «-»B&»^^tC»iyST4»tvfcfyhCD»aLF«7)U^A/ 

ft ttn-r <s> ft »*3j u « ic. Rraicj£/<*. 
ic«tg?tt4^*t)K:tt. z co ^ -t v hftaiEU^^ntfft^ft 

X A ic J: U . «&8 4Wttfi*7tyKD«S«A:j&6iJK4. 

xtt. a « (g -9. ft g 3l . araro-b^oastttT^^i. 91 
A.tf. *$^co«yr»f©icBo€Bcofc*y h^«.iiv>^^2C!)si a 



* . -«NC. ^SOi'X^AcO&fMl.fcy. «F £ T S 4* ;* fcT v h 
x ^ — XH A* J3te S ^ n&. Xu^fl/NoftyHiARf ot boifl 

CO k* y h6iiffiri«^i:tt. (S^^JISJtA^Eb/NoBliiT £c 
i1htf4S<(V>. ©U. E b lx . BER£r/?r^C0B£R(BER) o 

85Btt. & *.CO mm 4B«(Hi:«f5QAMffi«l^iL 

co (BER)o&«ir^cia>ai«5ricis^4try hcoRfc&fsr* 

* -T A t± . 4 &\z it, 13 2 ±&m*& ?J 

v^#J*$COti:tr^*&T*. fiEoT. 70;YX£»|Rt6fe 

tf^stitfjtota c t«4i>. **.*c. msScoBE 
RSrti^r^fc^ictt. y-r xtfJBinritoiiT. & ® m -s- co 

jatfcott^co^e^Atx. ^^>^<x«^»;ift2fur-£>^FK:. 

± iT * ft K * V is Z7 h + * , 1 

^CO^fcJCO^^AtX. t'y KX7-flI*^$©a3tig^Tt«ii> 
£ *v £ * X » i£ fg ^ — * . 9 t 6 0 0 b P s^jl^fS^^. 

7, 200bps. 4 , 800bps. 2, 400bps. 1, 
2 0 0 bps. »*©SI!!tttT**4. ft,T. ffl*«tl. </ 



?$Wlfl 62-502932 (9) 

ftfe«t£$:^*r 4^fl>T$.4. t£ o T . # -V > * ,«/ »X . X ij 

»'HOUT?"JBr#<tin«. tSEoT. 7 > fie CO «r 8* 
-Cti. «rax££??*£rt>n*>fc&y-<Xco 
^BBco##£««T*. 

» i^^^&JSST i*^XrAtl. *^857;P3 y XAJ:«r5< 

* *fi x * . ^y^^yutt. ^ -f ji^^-T* s^sfccD 

* CO "C . £«©ii«:OcO£Jt$fcSl**. S56@t±. * 3fc # 7 ;u =f 
»; X A £ @ -C flT^*»4J: 6 »:T 4 t ©-Cfei. SI6Bi:ov>T 

« ffl ffe * « # IX . 3SJII4tt«*7 2tioT«fc«hi. * # 
i: V> o £ f* tx . }§SSZjS:Si*>-r5Jc4S^7K*'3rE«l2^4llira 

tOfAS. * I* & fc 8 U . * ¥ ffi fc S . 7K^S9(77l/=fUX 

AC?)3SK&5tcSft88ti. 1 9 6 8 . =- — 3 — ^ . J. Wiley and 
Sonsffi J£ © r««3S»». t*<8 CO S » fg (Information Theory 

And Reliable Coieunication) J t B1" 6 ^ 7 a - (Ga Ilaiher) R; 



*3t9ta»Ct, « * CO 3 — K (±Ti7-«iE(DA:«t>C5i«)) 

tmv^ra^-c* a ± -c <o ^ — * * <o * ;* e t u x « * a* s *> £ . 

IT«<. 

**^HJ:*^rffitt. «^+>*;V<JD3£fiSr»;*cu:-r2>fc<OX 
tt^cw^. OU*. :# * ^ CO * i£ . »10tO^T±SLtJ: ^ 
Kfcl/S^lfc^ttZ) IC S3 19 co £ Q AM£:«t£:Jgv>X3£<S£ *v * «? 
WCOfifcAAlcT* CO *C » * . 

CO ^ A CO 35*7 tt. CO«;0 U ^ JS 2 CO* <&ftj 

& fcfc co 3£ ffi v w Xux^icait6iT*fico«liiiy ^ X ? 07 

3cv>-C. »3coaftf+>^;i/©§fi6y^Xl/K^/i:ar4 
$-C2-DCO«:«fiBi3tai<Oia-Ciff^«^^»*j^xeiv4. rco«J 

m i"< ju <?> & & tz t± . x*/ & * sfes-r * c t 

js-t. st»_t * # # ic »«x & . 

Lv^«fWn«v»4€i©S}lirfett. * co ifi 

U "C 4 . 

wriwttj: ysisstctti'y^fA/^x&jturo. r 

nc,©fifea^t & All. Jg4 @$r«tg| LSJBi: t>v> 



x stir 2 ix * . 

(2) *WSifc«ifttttc:^u. ft * * « as 2 ( c cnst«^ 

U tt: . 0 . 2. 4. 5. 6 & t/ 8 f ^ b ) ©t - * L/ > > h fe 
2lte-r*tZ«&S&fc*Z)l/'</l>5:&tWr4. Chtt. J?r IS CO B E R . 

1X7-/1 OO, OOOey hT«+©f-*il/> 

vhsr^erit^^^m^^^^jfcic^oT^flsy^xtift^ 

todttA»Jt7<t*»*v4. ^BERtt. SE9S**vfc*jR^&<0 

(3) gr»**vfcmjS©2*e*:au-<ii/*€». 5^- * ^ u > > 
cne»co^7>7i^TiSco«^u-</i/tt. »(s«^cos«r. 

t* CO "C 1b * . 

(4) **(0^-r>*yi/t^>^>X. &&Um& 4 3.23L"<fl'BLZf 

(5) ft»l:**<44j!t»<t«»i:ttr,TJ:2Af v^4d) 
r-y^&fi^toCtlCi y tX h A $r«^T-5. 

(6) «ffl-C*4«X?#^*-&^-C. 2JcJ8C**<^5^*f<r 

J:KC0«» W^^i&Ct. flff W o X A < nfRT: ft i 3 . 

c co 09 a **viK§|ii. p-t -r > ^ i^.x fACo^Tij 

ia-r^^^jt — i» festo-r^co-cttft^. 



N , N, - N, 
0 

2 2 

4 2 

5 1 

6 1 

N , Ni-N, 
0 

2 2 

4 2 

5 1 

6 1 



P 
0 
4 

1 2 

1 9 

2 9 

P 
0 
6 

1 8 

2 9 
4 4 



M P(N,-N,) 

«P(0-2)=Z/ fcT-y h 
HP(2-4>=4/ fcf y h 
HP(4-5) = 7/f v h 
MP(5-6) = 10/ t' y h 

M P(N,-Ni) 

HP<2~4)=6/ t' y h 
MP<4-5) = 11/ t* ? h 
HP(5-6>M5/fcT v h 

P. - P» 



M P (N. ~ N.) > 



ftfSBS 62-502932 (10) 

U4*jP«i«. fci>i<Dtt. fBKfiys^ffljy^ X N ( f B) # f J| 
h«NT#fl»fti#i:xV3-K«h5*5, « 5£ » A II * 

B k e y htfffly ftivc^ftv^otissrs. $g * . 

M(fl)»tf»(£BJtt. Ri:f-?tfi}$LTP4:h^»2 
* * £ iff 2B T * ^ K « # fig * # y ! 0«9©«;&JSHfc£fi 
*«<&tt4i|L<a(o«:o*ni;MJTiatf*£r. f tv*/i/B $JH 

/Mi:«ltMP(0-2)=2/f5r K. f t>*^Bi:^UT 
MP(0-2)=3/»f y Kt»44»6T*«. * & . f X ? A 
tt.4mtt©tt^S:»i£iiiCAlzW»jaT. 2tv hf-jlx^ 
>Hfe»iS^AUr3-KffcU. £ra^0>?fl»£feNI*&NT+2 

2tf y KfeXtCl«injr4«^tCtt. ■ iftlfcAKttU'CMP 
(2~4)=4/fcTy h T JL-^^-y V*;u B t^LTMP{0~ 2) 

f jx ? a tt . eiffiBt^ift^ijBtRijaT. 2 t* 9 b ? - 



n & * & . 



*V * * a o * * * MP( ma x)»:^l^d>XtttnJ:y < h5 v >»| 
mm^r&lztit ±ikft * « Z> © O #u T * * . c: * K ia * T . k M 
P ( m * x+ l)(0t5#f nJTS)^T^Jvti»«v»«^ttt. 
M P ( ra a x + Di:«Ll»tttj(Ofi#Bi|y ST ^ n4> 

*T * * ^ lx . S (H U *r afe 0 & 1 0 24 @»>7-»J>^T*Ct 
tfjfcg-Cfca. »«ltJtt|t|4KH2T»*»J. |$,t, :T W * * h 

JU*7t> v hit i 2 9 D«rT?*&. »^T. £ * i/ :7 y > 

^HlttlZBS '^t*4. P3«IC. JSSFFTtt. 1024 

"C * 4 . 

* 1 4 3 7 . 5 HtOflBi*fi«» (Slfl)M<>'/fl?) <3a: 
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/>5S«»ic^Ii«-r*iE«^R?ra«)fefcJ: t K « T A y . — IB iz 

i\ * . $5lCD*-<$v$rfg^&tfjS2CD$»-<'*>^{§3. (16 8 
7. 5 H z ) t± . irfTy^v — ^»-»^Tfg^^^(!i««i1fDt35 

J5aHrx/.l*. I$ «] T EST K S> V* T fg 1 & I>»2 CDi» ^ 5 V 

OH z<DJS3afcB£ 3. j 2 5^W^D^(35^ra-9-vy>fl/ 

*7tv H:JJlZo»Bf rani r ©ttfiiriv^S t4. J& 

TttffiillCi-o-t4g^5*vfc^ni^^-/'J>'^3r7-fey h CD <B » 
TTEST$:«iEr6iti:i »J. iE 54 * * -f 5 ^/SttTo&ft^ 

H k w cd ra «a tt . MikBcierVLftttnasisiv f9^>cj:-9 

T»iBili6:i:tfc4. c: cd & ffl « j* tt , & §2 tc. vf«S 

*8 iff J3 tt . 4KHiO«ffiflFtS©fi^jfiT?ti3fL<JS{kt4. 
SSgJtt. MttJK tetter SttffligJgt 5: £ fc«CD 

J» f . - f n.Atf f lia C O . 9 2X^9 4 tfiSJ 



3**103 62-502932 (11) 

T j& (3 S K * . & E 4* CD rfc li . JFKT*4CfclC^*2hf-^ 
L * L * />» e> . «*£9 22fctf94CDft3tti&CD«^CD$fc*fttt. « 

jEtz. . 2DCD«&Ki£fg$*vfc:*;tfyS7 xi&I/yi<:o^t 
tt. »^W^«^jfil:J&6«^9 2at;9 6JtCDglRfxiro 
© . V*ftC0i4>^«ifitl*e>fg^9 4_bOJ52ge-§-yi(D$fe« 
tc££-r*. ^WSfitCJ: »J: E^WCD^#rtf3:&*. 

^>y«J>'/r6ior:ftftU2*via^n{i. £ # # «t ic » 
Z>&toj&i&<nZZ±tf*t>7JUtf&£,t\*f. ffe CD ^ rf? y f * CD fg 

a* v ^ •? u > ^ s n & . 

m £ n T v> £ . 

»9Bi:Sfii!sriitf. i^ras'y-xxi. yiatfiiicio 

T**»l5Shfc».l. fB2»tfS53CDi&®E-%*'iS£fc.-Cv** 

C CD 01 "C tt . E-^B$fSJTs#l 2 8 5 U«>T. **ttfflJ8igTPH 
#8 £ tESSiv4. # - K 8? R3 fifc tt . 1 36 5 V 

&<D^Xz,9Z&*>*. WiLtf. BlOttilllO (Xi) ICS 



irffv 2>co<*>:/u>ftt. *r - KBjnaaSjBcDfcttcD 1 2 a 

T . ^JfiW^vWjfi© f , t. WtfCDPBttifiCDf.fcKStf*® 
i&tfjS2CD*f-KB5raiifcBi 1 o& 1 1 2#w*nr^4. 
f *«tt»jfcStt. S{3»K*£0CS(J#Ta£fl8#|8xCD 

}*><Dj£#Ta*»J. f . H i> i} * # ti . ft^i:»srij£^? 
*4. glOBtfi^t. f,CDjg2CDi£JB112tt. f , a> as 1 

cd«j&i 1 o#s{3»icjg#-r*BfraTc>ft<&i?BaTo+TPH (e 

5 U 8? ) C 5 {g 6 K S "T * . w<Z>B5BaTo+TPHU:i 28i»; 

&o*^zfi) zs>/mxa n*. ts-^-c. f ,fiD£E■s3'X.- 

x , . , , 2* ^ > :/ y yjfjhi. * o>&qrV>&wo> a $. y # # » i& 

<g 2 n.i CD T . f ,«)±ie^i 7*'J V'/2lvi. 

X. E CD ^ t* ffffifi 5 n * . f ,0)$2&!^ (yi) CD S3 

tt . (xi) Ofi«)®8 5 »J^'0?I2<BIC i^T, 8 4 U & iff Jg 
£n*.fc£^»T. f , CD 33 2 E^ CD Sfctt tt . f , CD SB 1 E ^ <D « tt 

8£t/t*CD2f— K«¥fi3tt. i'^.^ACDffiffloJte^c^rat^lS 
ft t Q> Vt jz to G % *k *p ? * \z if i> . ClCD«>*fcWe4>tt:. g 
^^-K^ratc^UT*E^-CDft)^^»lc«v»ctk:«J:SfcCD-C 

sag 

3S*3ti. m cd »5&ai c r> r tt . »Sl-/DtrAt*iicl6ai£ 



f 3 - K $ ^ i . 

J51 lBtfc'PT. -c^h/l/W=(xn. yn) tt. fnlCfet^ 
***V&tf3lfW'><24§-CDttK2nfc«lBfc«*>U*Ct**. W 
tt. (3. 3) fe^^tTi^J&l 1 3 rt VL P> & . ttot 

Wtt. (3.3)4:5 :r D-KSna. 

**«stt. Rms^tftgsnfeffi^^osfiDA. ««»?r 

T?-fcv hRtf4»W ^>^CDg?<b$r«fcX-r<&«k^tCig<$fi:^<c^i/ 

»ttifi«^i7 h^/CD&Kt««-r*feCDX'fti. JB1 2Ufiv> 
T . 1 -D CD £±. ^_h. iTRW«T. 1 1 S. 

1 1 6. 1 1 1 8CD40CDft«lC#W£*VCi3y. C M 

i. dfv^ocD^-ccDftpaufc-tf&Ji^vhtf. 
S^TtEi^ratC&^^CDt. |Ei^BJlc^vxT*Ei«aft«tc& 
-St;CDt». £iM:^Ui^Xttttv*9L^«^CB:. i/ A f A 
fi^ttBUfei. S3*,. V<XjSnl£-CDfS»-C**»^tCtt. ^ 
zj - K 3 h ^ f S/l/Wi:«t4x7-0^ft* ! 7>^Ai:f < c4 
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-»«BS62-502932 (12) 

^5rAAtC$E0£-£4. 

2o©*^A(0Pfi«NS:rac^OUUr-U«^t±-t^AS»|^05^ 

20. 7tairi/OOf-7x^44Xt;fj;^]/o 
-f>*-*x**l 2 2 » ^- * * 1 24C»e^X 

ri;^0^7x^i22tt. ^ is & Jl> 9 — £ ■/b 5$ R 1 
2 6 6r«a©x-*/<Al 24 t0^7i^xtj. 

D^l/0^y*~ 7l >f744tt;. »tta8fl512fc*vha-y 
«W>*-;? x -f;<. tt . RAMl32S:7'<?1rAL. K^v^^ 



V *> R S 23 22!u*'j#iztjT**fimX>*RS 2 3 2 

JifeJU-f IT* J. 

afft<trt;*;i/^Dt y tf 1 20tt. 7 K i/ A /< A 1 35 
K»K2ftf:Effi^ot7fl 28t. R 0> if B L 
3 0 fc . J2Kxi6tfyhflit||R.AM*y^*fA132k 
>J - K * > V * * u (ROM) ai 7h H 3 ^ (BiTl ^ t 
6«7<';o^Dt^l28tt. 10MH»O68000 
^Dt7fS^6 8 0 O0^Dir7A>iij^t,G80OOf 
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